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INTRODUCTION

44
Polybrominated diphenyl ethers (PBDEs) are flame retardants added to plastics, 45 textiles, foams and other materials to enhance their fire resistive properties (1). They have 46 been used globally since the 1970s (2) in three technical formulations, Penta-(PeBDE), (OBDE) and Deca-(DeBDE). Although legislation has led to the phasing out or banning of
48
PeBDE and OBDE mixtures in the EU and North America, in-use products act as 49 contemporary sources with dust and vapour releases a significant pathway (3). Levels in 50 environmental matrices and biota are enhanced in and around urban areas and industrial 51 conurbations (4, 5) . DeBDE it is currently unrestricted for non-electronic/electrical uses, 52 which made up the bulk of its applications (6), and may be a source of lower brominated 53 congeners. Several studies have demonstrated degradation of BDE209, the primary 54 component of DeBDE, in biotic and abiotic systems (7, 8) . 55 In some countries, such as the UK, the cessation of use of PeBDE and OBDE 56 technical mixtures has resulted in a subsequent decline in soil and air concentrations of some 57 of the BDEs associated with these technical mixtures (9, 10, 11) . Analysis of sediment cores 58 from the UK coast also indicate that concentrations of some lighter congeners have decreased 59 (12, 13) . Similar temporal trends have been observed in Swiss lake sediments (3). Studies of 60 temporal changes in PBDEs concentrations in biota from the European Union have largely 61 focussed on aquatic species (12, (14) (15) (16) although only four have reported temporal trends in 62 any detail (14, (17) (18) (19) . Generally, levels of PBDEs in aquatic organisms mirror the 63 legislatively-mediated reductions in environmental inputs and concentrations. on seabirds rather than, or as well as, terrestrial prey. The differences in temporal PBDE 74 trends between these studies, and the scant availability of data overall, suggest there is no 75 clear general temporal pattern for PBDE contamination in the eggs of terrestrial birds. There 76 are no long-term data on PBDE concentrations in terrestrial species in Britain.
77
The sparrowhawk, an apex terrestrial predator that preys on small passerine birds, 78 nests largely in rural woodland but also in urban areas where the opportunity arises (25).
79
They have been used as a sentinel species for monitoring trends in environmental 80 contamination with organochlorine pesticides (26), polychlorinated biphenyls and mercury 81 (27). Our overall aim in the present study was to determine temporal and spatial trends in 82 PBDE contamination in the UK terrestrial ecosystem using sparrowhawk eggs as an 83 environmental monitoring tool. We had several specific objectives. The first was to 84 determine how individual congener PBDE concentrations, sum PBDE (ΣPBDE) 85 concentrations and congener profile varied in eggs over time. The second objective was to 86 examine if PBDE concentrations in sparrowhawk eggs varied spatially such that they were 87 positively associated with proximity to human populations. This was because the density of 88 people has previously been found to be positively correlated with ΣPBDE concentrations in 89 birds eggs in North America and Europe (4, 5) , and with more highly brominated congeners 90 in peregrine falcon eggs in the US (28), consistent with the concept that environmental PBDE 91 concentrations are highest in proximity to anthropogenic sources (5). analysis based on the criteria of covering the longest temporal period in eggs from the 107 smallest possible geographical area, which was found to be the region of England directly ThermoQuest AS2000 autosampler and using a 30m CPSIL-8 CB pesticide column (0.25 mm 119 diameter, 0.12 µm internal diameter) and calibrated using seven PBDE standards in a linear 120 range 2.5-250 pg/ul. Eggs were analysed for a suite of 27 PBDE tri-Octa BDE congeners (17, 121 28, 32, 35, 37, 47, 49, 51, 66, 71, 75, 77, 85, 99, 100, 118, 119, 126, 128, 138, 153, 154, 166, 122 183, 190, 196, 197 were then used to model ΣPBDE and BDE congener concentrations in the sparrowhawk eggs.
RESULTS AND DISCUSSION
191
Congener profile. A total of 27 congeners were detected in one or more eggs (Tables SI-1, 192 2). BDEs 47, 99, 100, 153 and 154 were detected in all eggs, BDEs 35, 66, 138, 183, 196 193 197, 201, 203 and each was significantly correlated with concentrations of ΣPBDEs and each other (Table   200 SI-3). This suggests that the PeBDE mixture is likely to be the most important source of
201
PBDE contamination in sparrowhawk eggs in Britain.
202
The dominance of BDE 99 in the present study was consistent with that found in as tawny owl and little owl (Athene noctua) (44, 45) . This contrasts markedly to the 205 congener profile for marine systems (12, 15, (46) (47) (48) and in the eggs of piscivorous birds (14, 206 16, 19, 20, 49) where BDE47 has been found to predominate. BDE47 is both a major Figure 4 ) and this is most likely due to falling DDE 295 concentrations and subsequent recovery from the shell-thinning effects of DDE (25).
296
Although the PBDE congener profiles in sparrowhawk eggs (Figure 1) concentration data) in PBDE congeners (35, 138, 196, 197, 201, 203) in sparrowhawk eggs. 
